physiological ratio of enzyme to substrate (1:20, w:w), and digestion was 208 performed at 37 °C for 2 h. After this step, the pH was increased to 7.5 with 40 209 mM NH 4 HCO 3 (Panreac, Barcelona, Spain) to inactivate pepsin. For the 210 intestinal digestion, the pH was adjusted to 6.5 and a duodenal environment 211 was simulated by adding: (i) a bile salt mixture containing equimolar quantities 212 (0.125 M) of sodium taurocholate and glycodeoxycholic acid (both from Sigma-213 (Scharlau Chemie, Barcelona, Spain) (1:9, v/v) as solvent B, following the 233 method described by Moreno et al. (2004) . 234 The IgE binding of native β-Lg and hydrolysates of native / control heated / 263 glycated β-Lg was evaluated by indirect ELISA, using the sera of three different 264 patients. Individual serum samples from children with proven allergy to bovine 265 milk proteins were collected with written consent at the Hospital Gregorio 266
Marañón (Madrid, Spain) fulfilling ethical requirements. All patients showed 267 specific IgE antibodies toward milk proteins, particularly β-Lg, determined by the 268 FEIA-CAP System (Pharmacia Diagnostics, Uppsala, Sweden). The IgE binding 269 assay was performed similarly to that of IgG but with slight modifications. 270
Briefly, wells were coated with 50 μL of antigen as described above. After the 271 blocking step, plates were incubated overnight at 6 °C with 50 μL per well of 272 human serum diluted in PBST as follows: serum 1 at 1:1,000; serum 2 and 3 at 273 1:100. After blocking, 50 μL per well of HRP-conjugated rabbit anti-human IgE 274 (Dako) were added at a 1:1,000 dilution in PBST, and plates were incubated for 275 1 h at room temperature. Before the addition of enzyme substrate, a signal 276 amplification system based on the subsequent addition of biotinyl-tyramide and 277 streptavidin-HRP (ELAST ELISA amplification system, PerkinElmer Life 278 Sciences, Waltham, MA, USA) was used following the instructions of the 279 manufacturer. Finally, color development was with a solution of OPD as 280 described above. The antigenic response of glycated -Lg at both 40 and 50 ºC estimated by 336 ELISA was similar or lower than that of control heated -Lg, suggesting that no 337 new epitopes were formed as a result of glycation (Fig. 2) . While no important 338 differences were observed between control heated and tagatosylated -Lg, a 339 significant reduction in the IgG response of -Lg glycated with Gal was found 340 from the first day of incubation either at 40ºC or 50ºC (Fig. 2) . Moreover, this 341 decrease was more evident as incubation proceeded. This fact was probably 342 due to the higher number of adducts of Gal bound to -Lg and, therefore, to the 343 higher number of modified lysine residues which could be contained in the 344 epitopes recognized by IgG antibodies. Taheri (Table 1) . 373
The effect of glycation at early stages of the MR on IgG reactivity was 374 tested on hydrolysates of -Lg:Gal or Tag complexes obtained after incubations 375 at 40 ºC for 1 day. These Maillard complexes showed the highest difference in 376 the average number of carbohydrate molecules linked to -Lg and were non-377 aggregated. The chromatograms obtained by RP-HPLC-UV after pepsin 378 digestion for 2 h showed a very limited hydrolysis extent of both control heated 379 and glycated -Lg, with the same pattern of minor peptides eluting within 20 and40 min (Fig. 3) . Similarly, Morgan, Léonil, Mollé, and Bouhallab (1999a) and 381 After 2 h of gastric digestion, the pH was raised to 6.5, irreversibly 393 inactivating pepsin and mimicking the transfer of gastric contents into the 394 duodenal compartment. Combined trypsin / chymotrypsin digestion of control 395 heated and glycated -Lg in presence of bile salts was followed for up to 120 396 min in the duodenal phase. However, a time of 15 min was chosen as the most 397 relevant for this study, because this is approximately the transit time down the 398 duodenum and into the jejunum / ileum to the site of the first Peyer's patch 399 (Moreno, Mackie, & Mills, 2005a ). According to SDS-PAGE analysis (Fig. 4A) , 400 control heated -Lg that remained intact after pepsinolysis, was rapidly broken 401 down during simulated duodenal digestion, and only traces of intact protein 402 could be observed after 15 min of incubation with trypsin / chymotrypsin. Unlike 403 unglycated -Lg, a marked band corresponding to intact -Lg glycated at 40 ºC 404 for 1 day could be clearly visualized at 15 min (Fig. 4A, lanes b and c) , andeven after 1 h of trypsin / chymotrypsin digestion (results not shown). 406
Furthermore, resistance to gastrointestinal digestion was particularly more 407 evident in galactosylated -Lg than in tagatosylated complexes, demonstrating 408 that a higher degree of glycation could lead to a higher protective effect against 409 proteolysis. Supporting this fact, a faint band corresponding to the dimeric intact 410 -Lg could only be visualized in the galactosylated glycoconjugate (Fig. 4A, lane  411   b) . 412 RP-HPLC analysis of hydrolysates (Fig. 4B) significantly lower than that of undigested native -Lg, the former still exhibited 428 a clear response against IgG (Fig. 5A) . Even if no remaining intact -Lg was left 429 after gastrointestinal digestion of control heated -Lg (Fig. 4B) , some of itsproteolysis products could retain antigenic epitopes. Likewise, the hydrolysates 431 of -Lg:Gal / Tag conjugates incubated at 40 ºC for 1 day, which still contained 432 intact -Lg (specially those of -Lg:Gal), exhibited a higher IgG reactivity 433 compared to digested control heated -Lg (Fig. 5A) . These results were 434 consistent with the greater IgE reactivity of digested galactosylated -Lg 435 compared to that of control heated -Lg for the three human sera assayed 436 (Table 2) . To investigate the effect of protein aggregation produced during the 458 advanced stages of the MR, we analyzed the -Lg:Gal / Tag conjugates 459 incubated in the absence and presence of PM at 50 ºC for 2 days (selected 460 samples in Table 1 ), conditions that favoured the formation of soluble protein 461
aggregates (Corzo-Martínez et al., 2010). 462
Similarly to the above non-aggregated glycoconjugates (section 3.4), 463 control heated and glycated -Lg at 50 ºC for 2 days remained largely intact 464 after pepsinolysis (data not shown). However, the yield of gastrointestinal 465 digestion products of -Lg:Gal / Tag conjugates was much higher when 466 aggregation was partially inhibited in the presence of PM (Fig. 6 ). This suggests 467 that protein aggregation induced by the MR may protect -Lg during in vitro 468 gastrointestinal digestion. These results were confirmed by SDS-PAGE (Fig. 7) . 469
In the absence of PM, two bands of intact protein, corresponding to -Lg 470 glycated with Gal and Tag in monomeric and dimeric forms, were clearly 471 evident (Fig. 7, lanes b and d) . In the presence of PM, these two bands were 472 very diffuse and a number of bands corresponding to peptidic fragments were 473 observed (Fig. 7, lanes c and e) . The lower digestibility observed after glycation 474 in the absence of PM could be attributed to masking of cleavage sites, as a 475 consequence of cross-linking and aggregation of -Lg induced by conjugation 476 with Gal and Tag during the advanced stages of the MR. Similarly, Ara h 1 and 477 Ara h 2, both major allergens from peanut, were also found to form 478 intermolecular cross-links resulting in a certain protection against protease Maleki et al., 2000) . Consequently, once they had undergone the MR, Ara h 1 481 and Ara h 2 bound higher levels of IgE and were more resistant to heat and 482 digestion by gastrointestinal enzymes. 483
Despite containing a higher amount of intact -Lg, hydrolysates of -Lg 484 glycoconjugates incubated at 50 ºC for 2 days either with (Fig. 5B) (Fig. 8C and 8D) , probably because the protein was poorly 526 glycated (1.5 molecules of Dx 20 per one molecule of -Lg) due to the low 527 reactivity of this polysaccharide. This may explain why no significant differences 528 (P < 0.05) were found between the IgE reactivity of hydrolysates of control 529 heated and of -Lg glycated with DX 20 (Table 2 ). In contrast, the yield ofpeptides derived from the gastrointestinal digestion of -Lg glycated with DX 10 531 was lower than that observed in unglycated protein, and some traces of intact 532 glycated -Lg was still detected after 15 min of incubation with trypsin / 533 chymotrypsin ( Fig. 8A and 8B) . Consequently, glycation with DX 10 significantly 534 increased the response against IgE antibodies as compared to that of the 535 unglycated-Lg digested for the two human sera assayed (Table 2) . 536 537
Conclusions 538
In general terms, moderate glycation with Gal and Tag during early 539 stages of the MR barely altered the IgG reactivity of undigested -Lg. A 540 noticeable reduction in its IgG binding was mainly observed after incubation 541
with Gal under conditions of a high degree of glycation and formation of protein 542 aggregates, which could mask the antigenic regions of -Lg. Moreover, the 543 allergenic potential of the hydrolysates of -Lg Maillard complexes after 544 simulated gastrointestinal digestion has also been determined for the first time 545 in this study. Whereas a high degree of glycation impaired the -Lg proteolysis 546 and, consequently, significantly increased the IgE-binding of the hydrolysates, 547 the formation of protein aggregates during the advanced stages of the MR had 548 a masking effect on the -Lg epitopes, counteracting the negative effect of the 549 lower digestibility of glycated protein on its allergenicity. 550
As with glycation with Gal, conjugation with dextran of 10 kDa decreased 551 the proteolytic susceptibility of -Lg and, consequently, significantly increased 552 its immunoreactivity. In this case, the steric hindrance exerted by the molecules 553 of dextran attached to -Lg could also contribute to the lower reactivity of 554 
